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ABSTRACT 
This paper deals with the sedi-
mentary size analysis of glacial de-
~osits in t~e southern half of Kid-
der County, North Dakota. An intro-
duction giving a general description 
and location of the over-all area 
from which the samples were taken, 
precedes the methods of analysis and 
explanation of analysis. The analy-
sis includes the separation of the 
particles into size groups, and the 
explanation of the data by means of 
histograms, frequency and cummula-
tive curves. The analysis showed 
there was some similarity within 
different types of deposits ,·mich 
could be expressed mathematically. 
SEDIMENTARY SIZE ANALYSIS OF GLACIAL 
DEPOSITS IlT 'IHE SOUTH-HALF OF KIDDER COUNTY, 
NO '1H DAKOTA 
INTRODUCTIO:t-r 
The samples of various glacial sediments which were 
analyzed in the preparation of this report were collected 
by Doctor Gordon Bell, Assistant Professor of Geology, 
University of North Dakota. He collected the samples from 
deposits throughout the southern half of Kidder County, 
North Dakota while mapping the area during the summer of 
1955. 
The surface features found in this area are outwash, 
ground moraines, terminal moraines, sand dunes, spillway 
systems, lakes, and other topographical features typical 
of a glaciated area. It was from such deposits that sam-
ples were taken for the purpose of laboratory analysis. 
LOCATION 
The general location of the area in discussion is in 
Kidder County, North Dakota vmich is located in the south-
central portion of the state. This county is bounded by 
Stutsman County to the east, P.urleigh County to the west, 
Logan County to the south. It is easily accessibly by 
means of u. s. Highway No . 10, which runs east-west through 
the county. The area mapped by Doctor Bell extends from 
approximately seven miles north of U.S. 10 south to Logan 
County,. and from Stutsman County west to Burleigh County. 
DESCRIPTION OF AREA 
Kidder County is located in the highly glaciated 
drift plain of North Dakota, and is very typical of this 
glaciated area. 
A large spillway system which trends south-west just 
east of the town of Dawson is very prominant, and is easily 
recognized by the series of kettle lakes, Lake Isabel, 
Lake Eta, and Long Lake, which are within this spillway. 
In addition to the "Long Lak e Spillway," as it is refer-
red to by Doctor Bell, there are minor spillway systems 
within this area, but they are not nearly as prominant as 
this large system. 
Bordering the spillway system is a large outwash area 
with moraines, kames, and sand dunes associated with it. 
A large terminal or peripheral moraine is found north of 
Tappen, North Dakota and c an be seen from U.S. 10 when 
passing through t h is area. 
The location of each individual sample is shown on 
the enclosed map, and a more detailed location and des-
cription of the area will be given along with the des-
cription of the samples . 
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MEIBODS OF ANALYSIS 
Three methods were employed in the separation of par-
ticles according to their size. The methods used were dry 
sieving , we t sieving, and pipette analysis depending on 
the size of the particle and the cementation of the par-
ticle. 
In dry sieving a Tyler nRo-Tap" shaker was used 
along with a nest of Tyler Standard Screen Scale Sieves, 
which are based on a 200-mesh sieve openings of 0.0029 
~ 
inches, and increas e uniformly at the rate of 72 scale. 
The millimeter equivalents of these sieves do not agree 
precisely with the Ventworth grade limits, bu t they lie 
so close tha t the difference is well within the United 
States Bureau of Standards ltmit of tolerance for sieves.l 
A dry sieve analysis was run by first weighing the 
sample., - and then placing it in the nRo-Tap" f'or a period 
of ten minutes . The individual sizes were then weighed 
and the data computed. 
In order to disaggregate sand size particles wet 
sieving was used to separate the particles to their respec-
tive sizes as in dry sieving . This was accomplished by 
directing a spray of water into a nest of sieves as out-
1 Krumbein and Pettijohn, Manual of Sedimentar y Pe-
trograph y, p. 138. 
3 
-
lined in Krumbein and Pettijohn. Fol l owing the disaggre-
gation the separa tes were then resieved on the " Ro-Tap" 
after they h a d dried in order to remove th e fine parti-
cles. The siz es larger than silt were then weighed as 
was done in the dry sieve analysis . 
Particles l ess t h an s an d size were then a dded to the 
washings which were coll ect ed during the wet sieve analy-
sis, and a pip ette analysis was made. 
A pipett e analysis is bas~d on stokes ' Law, which is 
one of the simpler meth ods for analyzing silt and clay 
~ize particles. Stokes ' Law states : 
v = 
where V~velocity of settling 
d:r-density of sph ere 
d2~density of fluid 
g~acceleration due to gr avity (980 cm/sec2) 
r ~ radius of the sphere in cm. 
N~viscosity of the fluid 
(1) 
The results obtained by the use of thts law are very ap-
prosimate because the law depends on _a constant tempera-
ture so as not to ch ang e the density of the fluid, and 
thus affect t h e settling velocity. Stokes' Law is also 
based on the s ettling of a sph ere and since clay and silt ' 
size par ticles are flaky the settling is again affected. 
The equipment required for this analysis is a number 
of beakers, a 1000 cc graduated cylinder, a pipette, and 
an analytical balance in order to weigh to the third deci-
4 
• ms.l place. The times for the settling of various grain. sizes was obtained from a pre-calculated chart ~nich is 
based on a temperature of 20°c, and a specific gravity of 
sediment equal to 2.65 as follows:2 
TABLE 1 
Diameter in Depth 
Millimeters (cm) hr. min . sec. 
1/16 20 0 0 58 
1/32 10 0 1 56 
1/64 10 0 7 44 
1/128 10 0 31 
1/256 10 2 3 
The washings which were collected from the wet sieve 
analysis were allowed to evaporate to a volume less than 
a liter. It was then transferred to the 1000 cc graduated 
cylinder and the volume was brought to exactly 1000 cc 
by the addition of water. The suspension was then well 
shaken until the material collected at the bottom of the 
vessel had been equally distributed throughout the sus-
pension. Th~ time was noted immediately after the agita-
tion was completed, and a pipette was inserted to a depth 
of exactly 20 cm. When exactly 58 seconds had elapsed a 
~'""'.,...I" le 
25cc sample was withdrawn. The withdrawn dropper of fluid 
was then transferred to a beaker, which had previously been 
2 Krumbein and Pettijohn, op. cit., p. 166. 
5 
. e 
weighed, and the sample wa s allowed to evaporate. This 
procedure was continued until a sample of particles 
1/256 mm in diameter had been taken as shown in the chart 
above. \raien the sampl e s had completely dried the beakers 
were again weighed with the residue_. By subtracting the 
weight of the sample was obtained. The weight of each 
size group wa s then computed from this data. 
ANALYSIS OF OUTWASH SAMPLES 
-
The six samnles which were collected from outwash 
· areas did not present any problem in disaggregation for 
there was no cementing mat erial present. Each· sample 
was dry sieved in a nest of sieves with openings corres-
ponding to Wentworth's Scale. The sizes above eight mm 
had to be measured with a vernier caliper because larger 
screens were not avai lable. But this did not require very 
much time because there were relatively few particles over 
eight mm in diameter. 
Analysis of Sample# 1 
Sample# 1 was collected at the S. E. corner of sec-
, tion 3i, T139N, R72W, in a roadcut along the edge of an 
outwash arec. which is adjacent to the Long Lake Spillway. 
The sand is a uniform quartz rich, tan sand which is well 
bedded at this location. 
The results of t h is analysis are shown below • 
6 










• 017% Si eve Loss 
Main mode of sample is .375 mm. 
Third Quartzite is .375 mm. 
First Quartzi te is .187 mm. 
Median is .325 











Q3/Q1 = ~ = 1.41 (well sorted 
~ 
Skewness~SK = Q1 x Q3 
Md2 
.375 X .187 
(.325) 2 
Arithmetic Mean 
Grade Size Vleight 
Medj_an X Per Cent -
3.0 X .3 
1.5 X 1.0 
.75 X 6.6 
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.187 X 39.l 7.31 
.093 X 6.5 • 60 
.031 X 1.4 .04 
99.9 31.15 
Arithmetic Mean: 31 .15 .3115 99.9 
It is evident t ha t this sediment is well sorted (1.41) 
not only by the calculations, but also by the curves and 
histograms. 'Ihe mode of the frequency curve shows that 
the grade vhich contains the .375 mm (1/4-1/2 mm) is the 
predominant type. The first quartile shows that 25% 
of the weight is within the f irst fo ur grain sizes. .hile 
the third quartile has 75% of the weight within the first 
five grain sizes. 
Analysis£! Sample :f!.. 2(a) 
Sample# 2 is a gray quartz s and from the s •• cor-
ner, section 27, Tl40N, R72W. The sample was taken from 
the surf ace of t h is outwash area along with two other sam-
ples (2b and 2c) which were taken at different depths. 
These two samples will be discussed later in the report 
for t h ey are from different types of deposits, {2b is a 
till and 2c appears to be a buried sand dune.) 
.2% sieve loss 
Main mode of sample is .375 mm 
Third quartile is .505 mm 
First quartile is .188 nnn 
Median is .425 
8 
e 
Original ~eight of Sample~l09.2 grams 
Screen 
Opening 
















Gra de Vleigh t Weigh t 
Size Obtained Per Cent 
4-2 mm 1.3 1.2% 
2-1 5.2 4.7 
1/2-1 25.9 23.8 
1/2-1/4 45.9 42.0 
1/4-1/8 18.9 17.3 
1/8-1/16 5.4 4.9 
109.0 99.8 
Trask Sorting Coefficient: S _ .,r:s55 = 1. 63 o- f ~ 
Skewness: Sk = .188 X .505 (.425)Z 
Arithmetic Mean 
Weight 









































8 4 2 I ¥2. 
Millimeters 
e Mathematically, this sample is well sorted (l . 63), 
but not as well sorted as sample #1 . But when comparison 
of the two histograms is made it would seen that sample 
two should be more sorted than sample one. This mi ght be 
explained by the fact that sample 2 has relatively a much 
higher per cent of silt and clay sized particles than sam-
ple one. The modes of both samples are identical ( . 375), 
which might be expected because both are from the same 
type of deposit. But this will not hold true in all cases 
which can be seen by the analysis of th samples which 
follow . 
Sample #3 is a very coarse outwash sand, vibich was 
collected in the s.w. 1/4, section 36, Tl39N, R73W. The 
samplesample came f rom a gravel pit with a few boulders 
(apnroximately one foot in diameter) associated with it. 
The coarse sand was found in lenses interbedded with high-
ly crossbedded fine sands which were stained with iron 
oxide. 
.0216 S~~~ Loss 
Main ' Mode of Sample is • 75 mm 
Third quartile is 2 . 5 mm 
First quartile is . 675 mm 
Median is 1.15 mm 
-- 1'2:5 Trask Sorting Coefficient: S
0 
=p- f:iS - r.47 
Skewness: Sk - .675 X 2.5 
(1 . 75) 2' 
10 
e Original Weight of Sample--100.3 grams 
Screen Grade Weight Weight 
Opening Size· Retained Per Cent 
7.925 16-8 5.8 5.78% 
4.000 8-4 10.1 10.07 
1.981 4-2 13.9 13.86 
.991 2-1 23.5 23.43 
• 511 1-1/2 27.7 27.70 
.246 1/2-1/4 11.2 11.17 
.125 1/4-1/8 7.0 6.97 
.062 1/8-1/16 .6 .60 
fines 1/16 .4 .40 
100.2 99.98% 
Arithmetic Mean 
Grade Size ( . .., Weight 
Median Per Cent Results 
12.0 5.78 69. 360 
6.0 10.07 60.420 
3.0 13.86 41.580 
1.5 23.43 35.145 
.75 27 . 70 20.559 
.375 11.17 4.180 
.187 6.97 1.273 
.093 .60 .056 
.031 .40 .012 
99.98 232.594 



























The mode of this sample is considerably higher ( .75) 
than those of the preceding samples, but this sample is 
also well sorted even though it was of larger grain size. 
However, the histogram for this sample gives an impression 
that the sand is not as well sorted as shown mathemati-
cally. But the curnmulative curve shows the steepness 
through the critical portion of the graph, thus explaining 
the variation between the mathematical calculations and 
the visual examination of the histogram. 
Sample #4 was collected from a road cut near the cen-
ter of a large outwash area at the s.w. corner of section 
20, Tl49N, R71W. It is a gray-tan outwash sand which is 





















.07'/o Sieve Loss 
Main Mode of Sample is .187 mm 
'Illird quartile is .375 mm 
First quartile is .187 mm 
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Mi/1,'meters 











V2 V.t1 Ye 
fl ill 1 ·mete,,.s 
• 
Trask Sorting Nii, -- :-nw 
Skewness: 
Coefficien t: S0 
.187 X .375 
(.213) 2 
Sk - = 1.53 
Arithmetic Mean 
Grade Size Weight 
Median Per Cent 
3.0 X .42 
1.5 X • 623 
.75 X 5.29 
.375 X 39.04 
.187 X 43.51 
.093 X 7.61 
.031 X 3.44 
99.93 











Th e sorting coeff icient of 1.414 indicates that t h is 
sample is well sorted, and on visual examination of the 
histogram and fre quency curve it is seen that the calcula-
tions and histogram ar e i n agreement. Th e main mode of 
.187 mm shows that t his sand should be classif ied as a 
fine grained sand a ccor d ing tu th e Ventworth size classi-
fic a tion scale. 
Sample # 5 came from the S. E. corner, section 24, 
Tl40N, R71W. Tnis is a fine gr ain e d outwash sand whi ch 
was taken from a f ou r foot core and is associa ted with a 
kame morain t hat wa s f ormed wh en t h e glacier lobed to the 
east. The portion of t he mora i n from wh ich t h e sample wa s 
13 
e 
taken has been partially destroyed by outwash, ''.:1d th·.i.s 





















Original Weight of Sample~l03.l grams 
Grade Weight 
Size Retained 
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.67% Sieve Loss 
Main Mode of Sample is .187 mm 
Third quartile is .438 nnn 
First quartile is .175 mm 
Median is .300 mm 
Trask Sorting Coefficient: S - 11':438 -0 - f-:rr5 -
Skewness: Sk = .175 X .438 
(,~)2 .855 
1.58 
A high degree of sorting is indicated in the analysis 
by both the coefficient of sorting of 1.58 and by examina-
tion of the histogram and frequency curve. The main mode 
of the sample of .187 mm shows that it is a fine grained 
sand. 
Sample #6 is a reddish brown outwash sand which was 
collected from a road cut at the S.W. 1/~ of section 34, 
Tl40N, R71W near BN 1786. This area is the center of an 
outwash area v.hich is isolated by a spillway system that 
enters the Long Lake Spillway system. 
Original Weight of Sample~ll2 .0 grams 
Screen Grade Weight Weight 
Opening Size Retained Per Cent 
4.000 8-4 1.4 gms 1.25% 
1.981 4-2 2.9 2.58 
.991 2-1 7.3 6.51 
.500 1-1/2 27.9 24.95 
.246 1/2-1/4 49,'4 44.10 
.125 J./4 .... 1/8 16.3 14.55 
. 062 1/8-1/16 3.7 '5 . 30 
fines 1/16 3.0 ~ .67 
111.9 gms 99.91% 
.OB% Sieve Loss 
Main Mode of Sample is .375 mm 
Third quartile is .65 mm 
:First quartile is .30 mm 
Median is .413 mm 
Trask Sorting Coefficient: So - ~ - 1.47 • 
Skewness: Sk • 3 X .65 1.14 
(.413)2 -
Arithmetic Mean 
Grade Size Weight 
Median Per Cent Results 
\. 
6.0 X 1.25 7.500 
3.0 X 2.58 7.740 
1.5 X 6.51 9.765 
.75 X 24.95 18.713 
.357 X 44.10 16.538 
.187 X 14.55 2.721 
.093 X 3.30 .307 
.031 X 2.67 .083 
99 . 91 63.367 
Arithmetic Mean: 63.367 .6340 99.91 -
The common r~lationship which appears in the p~eceding 
outwasb samples is again shown by a sorting coefficient of 
1.47 which indicates well sorted deposits. and as in most 
of t b e other cases the histogram appears to be in agree-
ment with the calculations. 
16 














Sample #6 Cumulative Curve 





















CO CLUSION OF OUTWAS!ff SAMPLES 
The most obvious relationship the preceding six sam-
ples had was in their sorting coefficient. All six sam-
ples which were analyzed are well sorted, ranging from 
an S0 of 1. 41 to 1. 63 according to Trask' s classification. 
The arithmetic means however, vary considerably according 
to their main made or predominant particle size. The 
finer sands had arithmetic means which varied from .297 
to .634, while a very coarse sand (#3) had an arithmetic 
mean of 2.326. 
As for the skewness of the samples there does not 
seem to be any correlation between any of the samples 
analyzed, but only indicate. an individualism of each sam-
ple. 
AN.l\LYSIS OF SAND DUNE SAMPLES 
Five sampl e s were analyzed which came from known 
sand dune areas, and a sixth sample proved to be an eolian 
sediment after an analysis was completed on it. As in the 
case O'f the outwash sediment there was no preparation of 
the samples necessary because of the lack of cementation. 
These samples were dry sieved in a nest of sieves, with 
corresponding openings to the Wentworth scale, for a period 
of ten minutes . There were no particles over 8 mm in dia-
meter, so hand measurement with a vernier calipers was not 
required. 
17 
Sample 2(c) came from the same location as 2(a), but 
was collected from a depth of six feet. This sample is a 
red sand which was covered by four feet of till and two 
feet of the outwash sand (2(a)) which has.previously been 
analyzed i n this report. The till will also be discussed 
later in the report. 
Original Weight of Sample~lOl.4 grams 
Screen Grade Vi eight Jeight 
012enin~ Size Retained Per Cent 
' 1.981 4-2 .3 grams .29% 
. 991 2-1 .5 
.500 1-1/2 3.2 
.246 1/2-1/4 16.4 
.125 1/4-1/8 70.9 
.062 1/8-1/16 9.1 
fines 1/16 .8 
101.2 
.2% Sieve Loss 
Main Mode of Sample is 
Third quartile is .190 




Median is .188 mm 
Trask Sorting Coefficient: 
Skewness: Sk= 
Arithmetic Mean : 





















Grade Size ~ eight 
Median Per Cent Result 
3.0 X .29 .87 
1.5 X .49 .735 
• • 75 X 3.15 2.363 
.375 X 16.18 6.068 
.187 X 69.92 13.093 
.093 X 8.97 .844 
.031 X • 79 .024 
99.79 23.997 
With a sorting coeff ici e:r-. t of 1. 02 this sample is by 
far the most well worted sample of all the samples analyzed 
in the preparation of this report. This mode of .187 mm 
which includes the grade size of 1/4 to 1/8 mm constitutes 
69.92 per cent of the entire sample and without a doubt 
coincides with the sorting coefficient of 1.02. Another 
point of interest is that the third quartile, first 
quartile, and median all fall within this grade size of 
1/4 to 1/8 mm. 
It is believed by the author that this sand repre-
sents a sand dun e area which was later over-ridden by a 
I 
glacial lobe and t h e till deposited over it . The rea~on 
for t h is conclusion is t ha t the sorting coefficient of 
1.02 strongly indicates an eolian sediment. 
19 
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Sample #7 is a dune sand wh ich wa s collected in the 
town of Tappen, which is located in t h e N. W. 1/4 of sec-
tion 10, Tl39N, R71W. The sample was taken from t h e sur-
face, t wo blocks south of the North ern Pacific Railroad 
Depot. It is a typica l tan, quartz-rich sand, whi ch is 
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.28% Sieve Loss 
• 375 mm 
mm 
mm 
Main Mode of Sample is 
Third Quartile is .375 
First Quartile is .187 
Median is .213 mm 
Trask Sorting Coeffi cient: So f;rir -
Skewness: Sk-
Arithmetic Mean: 
.187 X .375 
{.213) 2 
29.95 
99.73 = .3000 
1.55 
1.414 
The sorting coef ficient of 1.414 shows that this 
sed i men t is well sorted wh ich is exp ected of a dune sand. 
'lhe mode of the sample is .375 mm, Vvhich is the grade 
s i ze median for t h e g r ade size of 1/2-1/4 mm, and t h e 
largest particle size of t h is sediment falls i n t h e 2-1 
mm grade size whi ch constitutes a mere .55% of the total 
sample. 
Sample #8 is a gray-tan quartz-rich sand which is 
very similar to sample # 7. It was collected in the N. W. 
1/4 of section 22, Tl39N, R71W where the Tappen dune 
area overlies an outwash ar ea which has been cut and modi-
fied by a spillway system • 
• 34% Sieve Loss 
Main Mode of Sample is .75 
Th ird quartile is 1.5 
First quartile is .70 
Median is .75 
Trask Sorting Coefficient: S0 =~ 1.42 
Skevvness: Sk .7 X 1.5 
{.75)2 1.89 
21 























Grade Size Weight 
Median Per Cent 
3.0 X .09 
1.5 X 35.22 
.75 X 49.43 
.375 X 11.21 
.187 X 3.10 
.093 X .47 
.031 X .04 
99 .56 











1he main mode of this sample is .75 mm which is higher 
than that of sample #7, but the sorting coefficient of 
1.42 ~s very close to sample #7 sorting of 1.414. The 
reason for t h e larger mode may be due to the par t of the 
dune from which the sample was taken. If t he sample were 
taken from the wind side of t h e dune it would be expected 
to have a higher mode than a sample from the lee side of 
a dune. The higher arithmetic mean of sample #8 ,which is 
.954, is due to the l arger grain size. 
Sample #9 is another gray-tan sand which was also 
collected from the Tappen dune area . This particular sam-
ple was taken from t h e surface at the south-east edge of 




section 10, Tl39, R71 • 
Original Weight of Sample-133. 3 grams 
Screen Grade Weight 
Openin~ Size Retained 
1.981 4-2 0.2 
.99 1 2-1 0.9 
.500 1-1/2 10.4 
.246 1/2-1/4 58.9 
.125 1/4-1/8 49.8 
.062 1/8-1/16 10.8 
fines 1/16 2.2 
133.2 
.08% Sieve oss 
Main Mode of Sample is .375 mm 
Th ird quartile is .4 mm 
First quartile is .188 mm 
Median is .3 mm 
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This sample seems to be typical of the s and dune 
samples with a sorting coefficient of 1.45 which indicates 
a well sorted deposit, and a mode of .375. Actually 
there :ls no rea l outstanding f e a ture of this analysis 
which deserves comment. 
Sample #10 was collected from a road cut i n the N. W. 
1/4 of section 19, Tl38N, R72W. It is a fine gray to brown 
sand wh ich was tak en a pproximat ely four feet below t h e top 
7' 
of t h e sand dune. The sand dunes in this ar ea h ave mi-
grat e d north into the southern edg e of t h e Long Lake 
Spillway. 
Orig inal Weigh t of Sample~l30.3 
Screen Grade Weight Weight 
Openin~ Size Retained Per Cent 
. 991 2-a. 0.2 .15 
.500 1-1/2 6.3 4.98 
.246 1/2-1/4 5 3 .7 41.21 
.125 1/4-1/8 59.3 45.51 
.062 1/8-1/16 10.0 7.67 
fines 1/16 0.4 .30 
129.9 99.67 
24 
Sample # 10 H istogram and Frequency Curv e 
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.31% Sieve Loss 
Main Mode of Sample is .187 mm 
Third quartile is .375 mm 
First quartile is .200 mm 
Median is .225 mm 
Trask Sorting Coefficient: 




Grade Size eight 
Median Per Cent 
1.5 X .15 
.75 X 4.83 
.375 X 41.21 
.187 X 45.51 
.093 X 7.67 
.031 X .30 
99.67 










This sample,like sample #7 is well sorted with a sort-
ing coefficient of 1.367. The mode of this sample which 
is .187 mm is identical to that of samples #2(c) and #9; 
and could be thus also classified as a typical dune sand. 
Sample #11 was taken from a road cut at the center 
of the north line of section 21, Tl38N, R72W. Like the 
previous sand dune samples it is a gray-brown, quartz rich 
25 
e 
sand. This particular sample was collected from the cen-
ter of the large dune area at a depth of four feet below 
the top of the sand dune. 
Original Weight of Sample-90. 0 grams 
Screen Grade Weight 
Opening Size Retained 
.500 1-1/2 1.0 
.246 1/2-1/4 30.0 
.125 1/4-1/8 47.6 
.062 1/8-1/16 10.4 
fines 1/16 0.5 
89.5 
.55% Sieve Loss 
Main Mode of Sample is .187 
Third quartile is .325 
First quartile is .175 
Median is .213 









.175 X .325 




























Sample #11 Histogram and Frequenc y Curve 
e 
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Arithmetic Mean : 24.706 99.45 == .248 
A very interesting ooint about this dune sand is 
that over 95% of the sample, by weight, falls into only 
three grade sizes, which are the 1/2-1/4. 1/4-1/8, and 
1/8-1/16 mm grade sizes. The sorting coefficient of the 
sample is 1.36, which is well sorted, and has been shown 
to be typical of the sand dune samples. On the other 
hand this is the finest grained sand dune sample which 
was analyzed in that the largest particles were in the 
1-1/2 mm grade size, and made up only 1.11% of the entire 
sample. 
CONCLUSION OF SAND DITNE SAMPLES 
Like the outwash samples the dune sands were well 
sorted as would be expected of an eolian deposit. Five 
of the samples, all of which were from surface sand dunes, 
had Trask sorting coefficients that varied from 1.36 to 
1.47. This ran ge of sorting indicates a more uniform 
sorting in the wina-worked sediments than what was found 
in the ou twash samples. Of course, an except ion to these 
five samples was sample #2( c), which had a sorting coef-
ficient of 1.02. An explanation for this very high degree 
of sorting might be t ha t the sand which the sand dune is 
composed of came from a delta where the 8ands were origin-
ally well sorted. Thus, t he wind action could have easily 
obtained this high degree of sorting. 
27 
The arithmetic means of these samples were found.to 
be more closely related than those found in the outwash 
samples. Five of the samples had arithmetic means vary-
ing from .240 to .317, but the sixth sample #7 showed 
an arithmetic mean of .954. The author's opinion is that 
the erratic sample was taken from the wind side of the 
dune, while the other five would indicate they were from 
the le e sides. 
Skewness in t h e dune samples also sh owed very little 
correlation mathematically, because of the large variation; 
from .832 to 1.89. 
IRRIGA'rION TEST WELL SAMPLES 
Samples #12a-12f were taken from an irrigation test 
well drilled by t h e U.S.G.S . two blocks south of the Nor-
thern Pacific Railroad Depot at Tappen, North Dakota. 
This is the same area from which sample #7 was taken as 
a surface sample, and which vras discussed with the dune 
s ands. Bed rock of Pierre shale was struck at 196 feet, 
and was overlain by glacial drift and associated deposits. 
The first 30 feet constituted sanes and gravels encoun-
tering the latter as t h e depth increased. Below the 30 
foot depth was a fine gray clay with pebble-sized parti-
cles intermingled with the gravel. The analyses which 
follow were run on only the first 30 fe e t at five foot 
intervals. 
28 
These samples did not require any disaggregation 
because clay was not encountered in this portion of the 
well. Th e procedure in the dry sieve analysis of these 
samples was the same as that followed in the analysis of 
the outwash and sand dune samples. 
Sample #12a is a gray sand \\hich was taken at the 

















Original Weight of Sample~34.8 grams 
Grade 
Size 


















































Sample #12a P istogram and Frequen c y Cur v e 






















.91 Sieve Loss 
Main Mode of Sample is .375 nnn 
Third quartile is .70 mm 
First quartile is .35 mm 
Median is .40 ·mm 
Trask Sorting Coefficient: 
Skewness: Sk 
Arithmetic Mean: 








f '7S5 = 1.414 
'When comparison is made between t h is sample and sam-
ple #7 (which was discussed with the s and dune samples,) 
it can be readily seen that t h ey both have identical sort-
ing coefficients of 1.414, and identical modes of .375 mm. 
However, on examination of t h e h istograms it is noted that 
the larg er particles are more predominant in t h is sample 
than they were in t he surfe ce sample. From this evidence 
it can be stated that sample #12a is still within t h e sand 
dun e area, and that t h e increase in t h e larger particles 
confirms this statem'en t. 
Sample #12b was a gray s and very similar to #12a, 
vmich was taken from a depth of ten feet. 
Original Veight of Sample~74.l grams 
Screen Grade Weight Weight 
012enins Size Retained Per Cent 
.991 mm 2-1 mm 2.2 gms 2.97 
.500 1-1/2 19.7 26.58 
.246 1/2-1/4 40.1 54.12 
.125 1/4-1/8 11.1 14.98 
.062 1/8-1/16 0.8 1.08 
fines 1/16 0.1 .13 
74.0 99.86 
% 
.14% Sieve Loss 
Main Mode of Sample is .375 mm 
Third quartile is .65 mm 
First quartile is .35 mm 
Median is .388 mm 
Trask Sorting Coefficient: S
0 

































Sample #12b is very definitely the same sand as that 
in sample #12a, which was taken five feet above it. Th e 
agreement is not only in the visual observation of t t e 
sands, but there is also a very close mathematical agree-
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Sample #12c was t aken at a dep t h of 15 feet, and i t 
a pp e a red to be s i milar to the p receding samples taken 
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Samp le #12c Cumulative Curv e 

















.12% sieve Loss 
Main Mode of Sample is . 375 mm 
Third quartile is .80 mm 
First quartile is .35 mm 
Median is .425 mm 
Trask Sorting Coefficient: S 0 = ~ 1.51 
Skewness : Sk 
Arithmetic Mean: 







The sorting of this sample is 1.51, which shows that 
it is not as well sorted as the preceding sample, but it 
is still well sorted. However, the mode of .375 mm and 
the skewness of 1.541 still coincide with the samples 
taken above it. A very interesting point about this sam-
ple is that it contains a negligible amount of silt and 
clay sized particles. 
Sample #12d was a coarse gray sand which was taken 
from a depth of 20 feet. 
Original .eight of Sample~85.9 grams 
Scre en Grade eight Weight 
o;eening Size Retained Per Cent 
4.000 8-4 mm 5.8 gms 6. 79% 
1.981 4-2 23.1 27.05 
.991 2-1 33.4 39.11 
.500 1-1/2 15.5 19.15 
.246 1/2-1/4 5.9 6.91 
·125 1/4-1/8 1.0 1.17 
33 
e 
.062 1/8-1/16 .1 
fines 1/16 .1 
84.9 gms 
. 58~ Sieve Loss 
Main Mode of Sample is 1.5 mm 
Third quartile is 2.5 mm 
First quartile is .85 mm 
Median is 1.5 mm 
Trask Sorting Coefficient: So -1f:i -- :-so -



















































Tb.e sorting coefficient of 1.71 for this sample falls 
in the well sorted catigory, but it is not n early as well 
sorted as the fine sands f our d above it. The mode of 
34 
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this sample is 1.5 mm, -which is two grade sizes higher 
than the previous samples. This might indicate a water-
worked sediment as the previous samples are thought to be. 
Sample #12e was a coarse gray sand similar to sample 
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.42% Sieve Los s 
Main Mode of Samp l e is 1.5 rnm 
Third Quartile is 2.3 rnm 
First Quar tile is 1.75 mm 
Median is 1.5 mm 
Trask Sor ting Coefficient: S0 = li:~~ = 1.75 
Skewness: Sk __ 1. 7 5 x 22 ~ 3 
{1.5) 
.767 
Arithmetic Mean: 172.59 9 = l 733 99 . 58 • 
This sample has a sorting coefficient of 1.75, which 
is clearly r elated to that of sample #12d, wh ich h ad a 
sorting coefficient of 1.71. Th e modes of bqth s amples 
are identical which is 1.5 mm, and the median of 1.5 mm 
is also t h e same for both samples. 1n is strongly suggests 
that both samples are within t h e same sediment. 
Sample #12f wa s a coarse g ray sand, like samples #12d 
and #12e, wh ich was collected at a level of 30 feet. 
Orig inal Weight of Sample--89.8 grams 
Screen Grade eight ~ eight 
o;eenin5 Size Retained Per Cent 
4.000 8-4 mm 6.2 gms 6.90% 
1.981 4-2 35.1 39.09 
.991 2-1 25.1 27.95 
.500 1-1/2 10.3 11.47 
.246 1/2-1/4 7.6 8.46 
.125 1/4-1/8 2.8 3.12 
.062 1/8-1/16 1.1 1.22 
fines 1/16 1.1 1.22 
89.3 grams 99.43% 
36 
.57% Sieve Loss 
Main Mode of Sample is 2.5 mm 
Third Quartile is 3.0 mm 
First Quartile is .95 mm 
Median is 1.75 mm 













































This sample has a sorting coefficient of 1.77 which 
is a pproximately the same as the two previous coarse sands. 
But the mode of this sample is 2.5 mm which would classify 
it as a fine gravel according to the Wentworth scale. 
These larger particles may be indicative of a stream de-
posit rather than eolian deposit as was found closer to 
the surface. 
37 
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CONCLUSION OF 'IRE WELL SAMPLES ----
'Ihe sorting of the material varied from 1.503 to 1.77 
with a definite decrease in sorting as the depth progressed. 
There was, however, one exception to this, and that was 
between the samples taken at the five foot mark and the 
one taken at the ten foot mark. 'Ihe sorting -·coefficients 
for these were 1.53 and 1.503, respectively, but there is 
such a negligible difference that they might be considered 
eoual. 
'Ihe mode, which represents the predominant size group, 
was .375 rrnn for the first three samples, but abruptly 
changed to 1.5 mm in the fourth sample and then changed to 
2.5 rmn at the 30 foot mark. 
It is the author's opinion that the first three sam-
ples (#12a-b-c) were dune sands because of their close 
relationship to sample #7, which is a known dune sand. 
While the last three samples (#12d-e-f) are thought to be 
from some type of stream deposit, e.g., a stream bed or 
a delta. The reason for this supposition is that sorting 
coefficients of 1.75 and 1.77 seem rather high for an 
eolian sediment, and it also seems that particles which 
approach 8 rrnn in diameter could and would be too large 




Two till samples were taken by Doctor Bell because 
of their unusualness. One sample (#2b) was a buried till 
that wt...s covered by sand dunes, and the other was a white 
till that is associated with a moraine. These two samples 
proved to be a little more difficult in their analysis 
because of large percentages of silt and clay-size parti-
cles. Consequently a wet sieve analysis was required to 
disaggregate the larger particles and a pipette analysis 
was required to grade the fines. The wet sieve analysis 
was run first by spraying a stream of water into a nest 
of sieves, and collecting t h e washings which conta ined the 
fines. The washings were then dried for the pipette analy-
sis wt.ich is described at the beginning of tr.is report. 
Sample #2b is a gray silty till that is covered by 
the sand.dunes from which sample #2a was taken. Below 
the till, which is four feet thick, is a red sand that an 
analysis proved to be another sand dune. 
Pipette Analysis 
Beaker Weight of Beak- Weig-,h t of 
No . er with Residue Beaker (VI I R) - v. -(WI R} (W) 
1 37.52711 36.1437 1.3834 
2 35.3934 34.0649 1.3285 
3 40.7705 40.1858 .5847 
4 37.7662 37.7161 .0501 




The time intervals that were used for this analysis 
correspond to Table #1. 
The total weight of each grade size for the fines 
was computed from the following formula: 
Total Weight = C (A-B) (1r} 
A - Weight of Residue for Grade Size 
B - Weight of residue of Next Grade Size 
C - Volume Contained in Graduate 
D - Volume \ith drawn by Pipette 
(4} 
As an example the calculations for beaker #1 is as follows: 
(1.3834 - 1.3285) ( ~) - 2.1960 grams 
Original Weight of Sample~71.4 gr~ms 
Screen Grade Weight Weight 
o:eenins Size Retained Per Cent 
.991 2-1 mm .4 .56 
.500 1-1/2 1.3 1.68 
.246 1/2-1/4 4.4 6.17 
. 125 1/4-1/8 5.9 8.26 
.062 1/8-1/16 4 .5 6.30 
1/16-1/32 2.2* 3.80 
1/32-1/64 29.0 40 .62 
1/64-1/128 20.3 28.43 
1/128-1/256 1.2 1.68 
1/256 .6 .84 
69.7 97.62 
*These figures were derived by means of a pipette 
analysis. 
40 
2.38% Sieve Loss 
Main Mode of Sa~ple ~s .023 mm 
Secondary Mode is .187 mm 
Third Quartile is .043 mm 
First Quartile is .014 mm 
Median is .02 nn:n 








































Arithmetic Mean: 7 .934 













The till is bimodal as expected with a very predominant 
main mode of .023 mm and a secondary mode of .187 mm. How-
ever, one ch aracteris tic of tills wh ich this on e does not 
41 
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possess, is that of being poorly sorted. Ac cording to 
Trask a sorting coe f ficient below 2.5 is well sorted and 
4.5 is re c uired inorder to classify a sediment as poorly 
sorted. The sorting coefficient of 1.7 for this s ediment 
thus f alls into t h e well-sorted catigory, and it might be 
called a ~well-sorted till." 
Sample #13 was a white till v..nich wa s collected from 
a remnant of a r e sidual moraine on the inwa~h side of an 
extensive k€ttle chain, at the N.V. corner of section 3, 
Tl40N, R72. The outstanding feature of being white in-
stead of the typical tan was the basis for running an 
analysis on it • 
. The pipette and wet sieve analysis of this sample 
follows: 
The time intervals tha t were used for t h is analysis 
corresponds to Table #1. 
Beaker Weight of Beak - eight of 
No. er with Residue Beaker (W .j. R) - W .::- R 
(WI R) (W} & 
1 37.0423 36.1437 .8986 
2 34 .8775 34.0649 .8126 
3 40.7280 40.1858 .5322 
4 37.8474 37.7161 .1313 
5 21.5740 27.5375 .0365 
The same formulas and precedure are used in the cal-
culation of this analysis as those used in analyzing sam-
ple #2b. 
42 
Original Weigh t of Sample-75.0 grams 
Screen Grade Weight Weight 
Opening Size Retained Per Cen t 
1.981 4-2 mm .9 1.20% 
.991 2-1 2.6 3.47 
.500 1-1/2 5.5 7.34 
.246 1/2-1/4 14. 6 19 .47 
.125 1/4-1/8 9.6 12.70 
.062 1/8-1/16 4.5 6.00 
1/16-1/32 3. 6-ll- 4.81 
1/32-1/64 11.5 15.33 
1/64-1/128 16.0 21.33 
1/128-1/256 3.7 4.93 
1/256 1.4 1.86 
73.9 grams 98. 53% 
* These fi gures were derived by means of a .pipette 
analysis. 
1.47% Sieve Loss 
Main Mode is .011 nnn 
Secondary Mode is .375 nnn 
'Ihird Quartile is .288 mm 
First Qua rtile is .015 mm 
Median is • 062 
Trask Sorting Coeffi cient: S j.28; - 4 38 
0 = :-rrI5' - • 
Skewness: Sk _ .015 x.288 = l.l2 
(.062) 2 
Arithmetic Mean: 24.187 
98.53 - .2454 
43 
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Arithmetic Mean 
Grade Size Weight 
Median Per Cent Results 
2.0 X 1.2 2.400 
1. 5 X 3.47 5.205 
.75 X 7.34 5.505 
.375 X 19.47 7.301 
.187 X 12.80 2.394 
.093 X 6.00 .558 
.043 X 4.81 .207 
.023 X 15.33 .353 
.011 X 21.33 .235 
.005 X 4.93 .025 
.002 X 1.86 .004 
98.18 24.187 
The size analysis of this sample indicates that it is 
a typical till. It bas a sorting coefficient of 4.38 
which approaches what Trask would classify as poorly 
sorted, and it is also bimodal, which is another charac-
teristic of most tills.
4 
FINAL CONCLUSION 
In the preparation of this report it was found that 
the statistical data for size analysis was an aid 1n the 
interpretation of the sediments. Of the functions used 
4 F.J, Pettijohn, Sedimentary Rocks, p. 24. 
44 
the sorting coefficient proved to be the most valuable of 
these functions. This coefficient gave a more clear pic-
ture of the depositional agent when it was not known. The 
sorting also helped in the comparison of samples which 
apueared in all other respects to be the same sediment. 
However , the sorting coefficient was not used entirely 
alone in the interpretation of the analyses. The main 
mode , arithmetic mean, and visual observation of the his-
togram and cumulative curve also proved to be of value in 
the comparisons. On the other hand, the skewness fac tor 
was of little value in reaching conclusions. The reason 
being that this factor was widely ranged and had no apnar-
ant relationship between like sediments. But this lack 
of validity might have been due to the author's lack of 
experience in handling and interpretating statistical 
data. 
The sorting of the sand dune deposits seemed in general 
to have a relatively constant well-sorted factor ranging 
from 1.36 to 1.45. The outwash deposits also showed them-
selves to be well sorted, but the variation of 1.41 to 
1.63 was gr eater t nan that of the sand dune samples, and 
the one till which was taken to be typical has a sorting 
coefficient of 4.38, wh i ch can be considered poorly sorted. 
The arithmetic means and modes also varied with the out-
wash samples being the h ighest and tre till the lowest. 
45 
• 
The author realizes th.at the results obtained i n this 
report are not fully conclusive due to the relatively few 
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